weight (%BW) proventriculus and gizzard and pancreas weights, 3.29 vs 3.09% and 0.47 vs 23 0.44%, respectively. 24 5. The mechanisms of action of the studied enzyme require further elucidation. 25 2 Global demand for dietary protein has recently led to an unstable increase in the supply and 26 price of soybean. In addition, the use of soybeans has led to consumer resistance because 27 much of it comes from genetically modified crops unsuitable for use in organic farming 28 (Vicenti et al., 2009 ). These circumstances have stimulated research on alternative protein 29 sources, especially high-protein legumes, free of genetic modifications that can satisfy the 30 protein requirements (Ravindran et al., 2010; Laudadio et al., 2011) . The content of 31 antinutrients in field beans (Vicia faba), primarily polysaccharides and tannins, are the main 32 reason reduced nutrient digestibility and growth performance of broilers fed field bean based 33 diets (Longstaff and McNab, 1991) . Although the beneficial effect of feeding fibre degrading 34 enzymes to legume containing diets is known (Castanon and Marquardt, 1989; Cowieson et 35 al., 2004) there is lack of information on the effect of tannin degrading enzymes on feeding 36 value of field beans for broilers. 37
The main objective of this experiment, therefore, was to determine the effect of 38 supplementary tannase, an enzyme that hydrolyses tannins, on dietary metabolisable energy, 39 nutrient utilisation and gastrointestinal tract development. The overall feed intake, weight 40 gain and feed conversion efficiency of the birds were also measured. 41
42

MATERIALS AND METHODS 43
Materials and methods 44
Field bean sample 45 A UK grown field bean sample of cultivar Sultan from 2013 harvest year was used in a 46 broiler feeding experiment. This field bean cultivar was selected for the experiment because 47 of its relatively high content of hydrolysable tannins and low metabolisable energy (Abdulla 48 et al., 2015) . Before the animal feeding experiment, the sample was hammer-milled using a 4 49 mm screen and then mixed in a horizontal mixer with the other feed ingredients. Freshly 50 milled sample in duplicate was used for analyses and in the feeding study to avoid spoilage. 51
The gross energy (GE) of the bean samples was determined using a bomb calorimeter (Parr 52 was replaced with a wire mesh. All excreta were collected daily and refrigerated. On the last 81 collection the samples from each pen were pooled, the total amount was immediately dried at 82 60•C and then milled. Representative samples of dry and milled excreta were taken for 83 analyses. Feed intakes were also measured for the same period. 84
On the last day of the study, at 21d age, the two birds in each pen were weighed and killed by 85 cervical dislocation. The empty weights of gastrointestinal tract (GIT) segments, including 86 proventriculus and gizzard (PG), pancreas and small intestine, of each bird were determined, 87 according to the procedures described by Amerah and Ravindran (2008) . The weights of the 88 segments were presented as relative to BW (% BW). 89
Metabolisable energy and nutrient utilisation determination 90
Excreta were oven-dried in forced draft oven at 60°C to constant weight, weighed, and milled 91 to pass through a 0.75 mm mesh. The gross energy, nitrogen and oil in feed and excreta were 92 determined as for the field bean sample. The dietary N-corrected apparent metabolisable 93 energy (AMEn) was calculated as described by Hill and Anderson (1958) . The coefficients of 94 total tract fat dry matter (DMR) and nitrogen retention (NR), and fat digestibility (FD) were 95 5 determined as the difference between the respective nutrient intake and nutrient excreted 96 divided by the intake. 97
STATISTICAL ANALYSES 98
Statistical analyses were performed using the Genstat statistical software package (Genstat 99 15th release 3.22 for Windows; IACR, Rothamstead, Hertfordshire, UK). The metabolisable 100 energy content of the experimental diets, broiler growth performance, and nutrient utilisation 101 were compared statistically by ANOVA. In all instances, differences were reported as 102 significant at P < 0.05. 103
RESULTS AND DISCUSSION 104
The determined chemical composition of the Sultan cultivar field bean sample contained 105 856g/kg dry matter, 18.27 MJ/kg GE, 245 g/kg CP, 12 g/kg oil, 190 g/kg total NSP (135g 106 non-soluble and 55 g soluble), 12.3 mg/g HT and 2.3 mg/g TI, respectively (results are 107 presented on dry matter basis). All birds were healthy throughout the study period and there 108 was no mortality. There was no effect of treatment on final body weight and weight gain of 109 the birds (Table 2) . Birds fed diet TC had reduced feed intake (FI) but improved feed 110 conversion efficiency (FCE) (P<0.05) compared to the control fed birds. 111
Exogenous tannase supplementation improved dietary AMEn by 0.4 MJ/kg compared to the 112 control (P<0.05) (Table 3) . Similarly, tannase supplementation resulted in improved DMR, 113
NR and FD (P<0.05). 114
Birds fed tannase had reduced the relative proventriculus and gizzard weight, and also 115 reduced the relative pancreas weights compared to birds fed the control diet (P<0.05) ( Table  116 4). There was no effect (P>0.05) of dietary treatment on the relative weight of the small 117 intestine. 
